Abstract: To determine if the type of work performed should be considered in research on shift work and cardiovascular disease, we compared the heart rates, total number of steps walked, and blood pressures of 12 shift workers on the same rotating 3-shift schedule in a pulp and paper mill. Six workers were selected from the paper manufacturing section (group 1) and six workers from the chemical products section (group 2). Average heart rate (in beats per min) monitored during duty time was 84.3 in group 1 and 87.4 in group 2. Average heart rate during work was not significantly higher than that during rest in both groups 1 (work 85.8, rest 75.3) and 2 (work 87.9, rest 83.1). There was no significant difference in the total number of steps walked. A non-significant decrease in systolic blood pressure value was found in group 1 compared with that in group 2. Although future studies will be needed to explain the relation between different work styles and their effects on the health of shift workers, our results suggest no significant difference in heart rates among workers engaged in different kinds of work on the same shift work schedule.
Introduction
The relation between shift work, a common work style in developed countries, and cardiovascular disease has been studied for more than 50 years. Although early studies reached no definite conclusions or even found no relation, recent studies have indicated an increased risk of cardiovascular disease among shift workers [1] [2] [3] [4] . A recent review indicates that shift workers experience a 40% increase in the risk of cardiovascular disease compared with those who do not work shifts 5) . Although the relation between shift work and hypertension, an important risk factor for cardiovascular disease, has been studied, results have been inconclusive. This could be due to selection bias; all studied subjects did not share the same work environment or even the same occupation. Most shift work studies comprise participants who are selected from multiple occupations or companies and include various kinds of work or varying work schedules. For example, participants in a 22-year follow-up study of shift work included, among others, train guards, engine drivers, and firemen 6) . There is no standard definition of shift work with set criteria for the variables of work type, schedule, and the amount of night and evening work 5) . Even within the same 3-shift work schedule, variables may exist that influence cardiovascular disease risk among shift workers who do different work. Morris et al. 7) found a positive relation between physical activity and prevention of cardiovascular disease in active train conductors, indicating different health effects according to work type. However, there is little information on physiological differences between shift workers working on the same shift schedule. Heart rate is known to be one index of intensity of physical activity. In occupational health studies, the heart rate of workers has been used to estimate the physical load on the worker 8) . Therefore, we compared the heart rates of shift workers engaged in different kinds of work to determine if the type of work performed should be considered in research on shift work and cardiovascular disease.
Subjects and Methods
This study was conducted in a pulp and paper mill located in western Japan, where more than 1100 workers were engaged in papermaking and related occupations, in 2000. The mill mainly manufactures paper in addition to pulp and chemical products. All study participants and the president of the mill provided informed consent.
We randomly selected 12 male shift workers from two different sections of the mill. All participants were >50 years old, healthy, had no history of cardiovascular disease, and received no treatment for hypertension. Six workers were selected from the paper manufacturing section (group 1, 54.5 ± 3.0 (mean ± SD) years old), and six workers were selected from the chemical products section (group 2, 53.5 ± 2.3 years old). There was no significant difference in the age of participants between groups 1 and 2. All participants in this study had been employed in their respective sections of the company for more than 30 years.
Participants in both groups were distributed equally among the three shift schedules for this study: two workers for morning shift, two workers for afternoon shift, and two workers for night shift in each group. Heart rate in beats per minute (BPM) and the total number of steps walked were measured in all subjects during their work of one 8-hour shift schedule. The measurements made on each subject were always performed on the same shift for that subject. For example, the heart rates and steps walked for subjects A and B were monitored only during the morning shift, not the afternoon or night shifts, as shown in Table 1 . Because attachment to a heart monitoring device slightly interfered with job performance, it was difficult for each participant to be monitored more than twice. A portable heart rate recorder (VAM1-001, VINE, Japan) was used for measuring heart rate, and a pedometer (DIGI-WALKER, Yamasa, Japan) was used for measuring the number of steps walked.
The same rotating three-shift schedule was adopted by both groups (MMM~NNN~AAA~MMM~ [M = morning shift (07:00 to 15:00), A = afternoon shift (15:00 to 23:00), N = night shift (23:00 to 07:00), ~ = off]). The workers in group 1 were engaged mainly in paper manufacturing, which required fast-paced and intense physical activity (e.g., working with hands above shoulder level, heavy lifting, standing for long periods). Every day, for examples workers in group 1 had to carry paper machine parts weighing almost 20 kg, and they also had to work in a narrow space with their bodies twisted when they made routine checks of or repair to the paper-making machinery. Group 2 workers were engaged mainly in low-intensity work of checking and observing tasks in the chemical products manufacturing section.
After the monitoring devices were attached at the entrance hall of the mill, the participants went to their individual worksites. The participants were asked to record the times they rested during duty hours to distinguish between rest and work data because the workers had no definite assigned rest times during duty hours. They took rests in accordance with workflow; therefore, rest times were not fixed at definite times during the 8-hour shift. During rest periods, the participants were asked to act as they normally would, so smoking or caffeine intake was not regulated. After they finished their shift's work, the participants returned to the entrance hall and the monitoring devices were removed.
Blood pressure measurements, obtained at a periodic physical examination performed in 2000, were also compared between the two groups to investigate whether an effect of work type on blood pressure could be observed in the >50-year-old participants. Blood pressure was measured by a nurse with a mercury sphygmomanometer in the paper mill's health clinic during daytime hours. Blood pressure was measured in all participants during their morning shifts.
Comparison of heart rates for the two groups according to the two kinds of work conditions was done with twoway repeated-measures analysis of variance (ANOVA). The factors analyzed with ANOVA were group and workplace condition (rest or work). We did not analyze heart rate changes according to work processes because various work processes occurred depending on the job at hand; some workers started a severely physical job immediately at the beginning of their shift, and other workers began work after a rest. Unpaired t-test was also used to determine the statistical significance of the difference in steps walked and blood pressure values. A p value of <0.05 was considered statistically significant.
Results
The total average time each subject was at work during one 8-hr shift was 475 minutes in group 1 and 476 minutes in group 2, and thus average work time did not differ significantly between the two groups. Average rest time was 69.3 min (14.6%) for the group 1 subjects and 58.2 min (12.2%) for the group 2 subjects. The longest rest time taken in this study was 120 min (24.5%), by a group 1 subject. Although the rest time percentages varied, we assumed that the participants in both groups 1 and 2 were engaged in their work for nearly 7 hours and rested for almost 1 hour during each rotating shift. Table 1 shows average heart rate in BPM during rest and work for each study subject. When comparing average heart rate during duty time between group 1 and 2 workers, no significant difference was found (group 1, 84.3 (mean) BPM vs. group 2, 87.4 BPM). The average heart rate during work was higher than that during rest in both group 1 (work, 85.8 BPM; rest, 75.3 BPM) and group 2 workers (work, 87.9 BPM; rest, 83.1 BPM) but not significantly so. Comparison of heart rate between the two groups by two-way ANOVA by groups and conditions (work or rest) also showed no significant difference.
There was no significant difference in the total number of steps walked between group 1 (10730 ± 2667 steps) and group 2 (9882 ± 5000 steps). The average systolic blood pressure value in group 1 workers (systolic 129.0 ± 12.9 mmHg, diastolic 84.3 ± 7.5 mmHg) was lower than that in group 2 workers (systolic 135.0 ± 9.6 mmHg, diastolic 83.7 ± 7.0 mmHg), but the decrease in systolic blood pressure was not significant.
Discussion
In this study, we measured heart rates of 12 shift workers during duty time and compared heart rates between those with different jobs during the same shift schedule. No significant difference in heart rate was found between workers in group 1 and group 2.
The work performed by group 1 often was much more physical than that performed by group 2. However, our results did not show a significant difference in heart rates between 129.0 ± 12.9 135.0 ± 9.6 Diastolic blood pressure (mmHg) 84.3 ± 7.5 83.7 ± 7.0
Values are mean ± SD.
the two groups. Heart rates analyzed with two-way ANOVA showed no significant difference between the two groups with respect to the workplace conditions. These results may indicate that heart rates of shift workers measured during the same shift schedules might not be influenced by the type of work performed. Group 1 workers in the paper manufacturing section often undertook heavy physical activity, whereas group 2 workers in the chemical products section did not. We considered several reasons for our heart rate findings. A possible related factor leading to these results is that the number of study participants was small. Only six workers participated in each of the two groups in this study. A greater number of monitored subjects is needed to verify the validity of these results. Another reason is the characteristics of group 2 workers. Although the subjects in group 2 did not perform much physical activity, they remained in a state of alertness that may have resulted in increased heart rates. Mental workload, which was not measured in this study, is an important factor relating to heart rate increase. A study that monitors heart rate only may be of limited scope if it does not also take into account mental workload. Heart rate may not be the proper index of physical workload for several reasons. First, mental activity may influence the heart rate of workers during duty time. Second, the degree of rest taken during the shift also may alter heart rates. In our study, the group 2 workers spent their rest time in their designated rest area, but they usually continued their monitoring tasks with ears open to listen for an alarm signal, and thus, they needed to maintain a state of alertness that may have increased their heart rates. It was often difficult to distinguish between work time and rest time for the group 2 workers based on heart rate. Third, activities during rest, such as smoking or tea or coffee intake, might influence the physiological condition of the workers. More studies in which these conditions are controlled are needed to further clarify the relation between different kinds of work and resulting effects on health.
Blood pressures between the two groups also were compared to observe the long-term effect of different work styles on subjects working the same scheduled shift. No significant differences in systolic and diastolic blood pressure values were found between the two groups. Although an association between shift work and blood pressure remains unclear, with various results reported 2, [9] [10] [11] , blood pressure of shift workers may not be influenced by the jobs performed during the same shift work schedule. Participants in previous shift work studies had many different occupations, and participants engaged in both active and sedentary work have been included in the same subject groups in some of these studies. We feel that the participants' working conditions should be considered in future research on the effect of shift work on blood pressure with the goal of long-term followup.
We also found that, as with heart rate, the total number of steps walked between workers in group 1 and group 2 did not differ significantly. A study on workload of women showed the total number of steps walked during night-shift work to be significantly greater than that during day-shift work, indicating that workloads at night and day were different 8) . Our results of the number of steps walked (measured twice in a shift schedule) appear to have shown that workloads were not different between the two groups. However, the total amount of physical activity performed in the workplace may not be reflected accurately by measuring only the steps walked. Other alternatives for measuring total physical workload during duty time should be investigated.
This study showed that there was no difference in heart rates among workers engaged in different kinds of work on the same shift work schedule. However, further investigation is needed to accurately determine the effect of different kinds of shift work on heart rates and the effect that different work conditions and rest times may have on cardiovascular disease and its associated risk factors.
